When ingested by a mosquito, the malaria parasite relies on an unusual form of gliding motility to escape from the rapidly deteriorating blood meal. A new study on an atypical malaria guanylyl cyclase reveals the importance of spatiotemporal regulation of cGMP production in this process.
Guanylyl cyclases (GCs) catalyse the conversion of guanosine triphosphate to cyclic guanosine monophosphate (cGMP) and pyrophosphate, and are key components of signal transduction cascades. cGMP levels regulate signalling cascades through various effectors, including cGMP-dependent protein kinases, cGMP-regulated phosphodiesterases, and cyclic nucleotide-gated ion channels. These effectors are involved in the regulation of numerous processes, including vascular smooth-muscle motility, intestinal fluid homeostasis, and retinal phototransduction. GCs exist in two main forms in well-studied metazoans, yeasts and plants. The receptor form displays a single membrane-spanning domain that binds directly to extracellular ligands such as peptide hormones, whereas the soluble cytosolic forms are activated by membrane-soluble nitric oxide [1] . GCs have also been identified in more basal eukaryotic lineages such as Tetrahymena, Paramecium, Dictyostelium and Plasmodium [2] . These 'atypical' multimembrane spanning GCs contain two cyclase domains that are inversely arranged in a topology similar to that of mammalian adenylyl cyclases. Protozoan GCs additionally contain an aminoterminal P4-type ATPase-like domain, the function of which remains elusive [3] .
A new study by Gao et al. [4] in this issue of Current Biology brings new insight into the function of this atypical GC topology, showing that it is required for the correct spatiotemporal synthesis of cGMP during the early stages of malaria transmission to mosquitoes [4] . Malaria is a major public health problem caused by Plasmodium parasites and transmitted by female Anopheles mosquitoes. Malaria parasites critically depend on an unusual form of gliding motility to colonise their hosts and invade cells. Transmission of malaria to the mosquito, for instance, relies on the ability of the motile zygote, the ookinete, to glide towards and invade the midgut epithelium ( Figure 1A) . One of the two Plasmodium GCs, GCb, was previously shown to be essential for ookinete gliding through the activation of the cGMPdependent protein kinase G [5] [6] [7] . However, the geography of cGMP signalling remained elusive. In the new work, Gao and colleagues [4] studied the molecular function of GCb in P. yoelii, a causal agent of rodent malaria and a genetically tractable model whose complete life cycle can be readily studied under laboratory conditions. Remarkably, the use of a CRISPR/Cas9 approach that was recently implemented in P. yoelii by the same group [8] raised the bar for experimental genetics in this parasite and generated an impressively large number of genetically modified parasite lines for further study.
GCb Displays a Unique Cellular Localisation
Ookinetes possess a characteristic corkscrew shape [9] , and in the new work, Gao et al. [4] found that GCb concentrated on the outer curve, at a site just posterior to the apical pole in mature ookinetes ( Figure 1A ), a location referred to as the ookinete 'extrados' site. This is the first time such a sagittal asymmetry has been documented for a protein in ookinetes. Interestingly, GCb was expressed in the developing ookinete but its peculiar localisation coincided with the onset of motility, suggesting that such localised production of cGMP is important to initiate and sustain efficient gliding motility.
A Possible Function for the P4-ATPase Domain of GCb Flippases translocate phospholipids across the plasma membrane, and they frequently depend on CDC50 co-factor proteins that function as chaperones to facilitate their trafficking or activity. Consistent with this hypothesis, Gao et al. [4] found that GCb interacts with a CDC50-domain-containing protein, CDC50A, which also localises to the ookinete extrados site. In ookinetes, CDC50A is essential for the correct trafficking of GCb, and its deletion leads to degradation of GCb and immotile ookinetes ( Figure 1B ). It is, however, uncertain whether the P4-type ATPase domain acts as a flippase, as key mutations in several conserved functional motifs were identified, yet no enrichment for phosphatidylserine at the ookinete extrados site could be observed.
Another Factor Required for the Localisation of GCb at the Ookinete Extrados Site
Inner membrane complex subcompartment protein 1 (ISP1) was previously shown to delineate subcompartments of the inner membrane complex, which consists of flattened alveoli below the plasma membrane [10, 11] . In ookinetes, Gao et al. [4] found that deletion of ISP1 led to cytoplasmic redistribution of GCb, suggesting that ISP1 links GCb with a specific type of inner membrane complex plaque ( Figure 1B [12] . This suggests that the peculiar localisation of both ISP1 and GCb in Plasmodium is of functional importance for the parasite to progress through the blood bolus in the mosquito midgut.
Major issues that remain to be addressed are the functional relevance of this peculiar localisation and the role of the mysterious P4-ATPase domain at the amino-terminus of GCb. Amusingly, GCb localisation at the ookinete extrados site reminds one of the 'melon' of toothed whales such as dolphins, a forehead organ that is involved in communication and echolocation. Could such an exposed localisation of GCb at the forefront of the ookinete serve as a sensory site important to control ookinete movement in the blood bolus? It remains unclear whether ookinete motility involves a chemotactic signal and further investigation will be required to resolve these outstanding questions. 
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Guanylyl cyclase β Figure 1 . Localisation of guanylyl cyclase b (GCb) at the ookinete extrados site is essential for the parasite to glide towards and colonise the mosquito midgut epithelium.
(A) Ookinetes actively move through the blood meal to colonise the epithelial monolayer of the mosquito midgut. Following the invasion of the midgut epithelium, the ookinete transitions into a cyst as it attaches to the midgut basal lamina. Localisation of GCb at the ookinete extrados site is essential for productive ookinete motility. It remains unknown whether motility involves a chemotactic signal to guide ookinetes towards the epithelium. (B) The targeting and localisation of GCb to the ookinete extrados sites requires CDC50A and ISP1, respectively. GCb topology resembles those of mammalian adenylyl cyclases, with an additional P4-type ATPase-like domain, the function of which remains elusive.
Two new species of dinosaur from the mid-Cretaceous of China document previously-unknown stages in the evolutionary transition from primitive Jurassic carnivores to the highly transformed insectivorous alvarezsaurids of the Late Cretaceous.
Darwin famously preferred the phrase 'descent with modification' to the word 'evolution' to describe the pattern and process of the history of Life. All too often, though, the modifications acquired through evolution can obscure the evidence of the lineal descent of specialized organisms. New adaptations may modify the anatomy so drastically that only vestiges of the ancestral form remain. This is particularly true for lineages with large gaps in their fossil record, which otherwise would demonstrate the evidence of the stepwise transformations at different phases of the group's history. This problem is increased when trying to determine what possible extinct lineages were closest to the origin of a group, a situation in which molecular evidence cannot resolve the problem. The highly transformed anatomy of modern and extinct turtles, for instance, makes this group difficult to place with certainty among the various living and fossil reptile lineages [1] . However, the discovery of fossil forms of various intermediate stages can sort out once-problematic origins. For instance, the extremely specialized whales were once difficult to place among placental mammals, but a combination of genetic data and a wealth of new fossil discoveries has secured them among living and fossil artiodactyls (even-toed ungulates) [2] . A paper in this issue of Current Biology by Xu et al. [3] helps in recovering the evolutionary history of yet another highly transformed clade, the alvarezsaurian dinosaurs. Unlike their distant relations such as giant carnivorous tyrannosaurs, horned ceratopsians, long-necked sauropods and plate-backed stegosaurs, alvarezsaurians are hardly familiar to the general public, or indeed even to many paleontologists. The eponymous genus Alvarezsaurus, described by Bonaparte in 1991 [4] , is known only from a single 83-85 million-year-old fragmentary skeleton from Patagonia. It was recognized as a member of the theropod dinosaurs, the diverse clade of bipedal dinosaurs including predators such as gigantic Tyrannosaurus and Spinosaurus as well as omnivorous superficially ostrich-like ornithomimosaurs and fully-feathered dinosaurs such as Velociraptor, oviraptorosaurs, and surviving as modern birds [5] . But its relation to any particular theropod group wasn't clear at the time, given the sparsity of evidence.
The first real glimpse at the details of the anatomy of alvarezsaurs came with the description of Mononykus from 70-million-year-old deposits in Mongolia by Perle et al. [6] . Known from better fossil material than Alvarezsaurus, this discovery revealed an approximately 1-meter long animal with slender hind limbs and a short and highly transformed forelimb with proportionately huge muscle attachments and only a single massive clawed finger. The braincase, keeled sternum, carpus (wrist), and pelves (hips) were exceedingly like those of modern birds and other members of the
